BACKGROUND: A large proportion of deaths and chronic illnesses can be attributed to three modifiable risk factors: tobacco use, overweight/obesity, and physical inactivity. OBJECTIVE: To test whether telephone-based health coaching after completion of a comprehensive health risk assessment (HRA) increases patient activation and enrollment in a prevention program compared to HRA completion alone. DESIGN: Two-arm randomized trial at three sites. SETTING: Primary care clinics at Veterans Affairs facilities. PARTICIPANTS: Four hundred seventeen veterans with at least one modifiable risk factor (BMI ≥ 30, < 150 min of at least moderate physically activity per week, or current smoker). INTERVENTION: Participants completed an online HRA. Intervention participants received two telephonedelivered health coaching calls at 1 and 4 weeks to collaboratively set goals to enroll in, and attend structured prevention programs designed to reduce modifiable risk factors. MEASUREMENTS: Primary outcome was enrollment in a structured prevention program by 6 months. Secondary outcomes were Patient Activation Measure (PAM) and Framingham Risk Score (FRS). RESULTS: Most participants were male (85%), white (50%), with a mean age of 56. Participants were eligible, because their BMI was ≥ 30 (80%), they were physically inactive (50%), and/or they were current smokers (39%). When compared to HLA only at 6 months, health coaching intervention participants reported higher rates of enrollment in a prevention program, 51 vs 29% (OR = 2.5; 95% CI: 1.7, 3.9; p < 0.0001), higher rates of program participation, 40 vs 23% (OR = 2.3; 95% CI: 1.5, 3.6; p = 0.0004), and greater improvement in PAM scores, mean difference 2.5 (95% CI: 0.2, 4.7; p = 0.03), but no change in FRS scores, mean difference 0.7 (95% CI − 0.7, 2.2; p = 0.33).
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CONCLUSIONS:
Brief telephone health coaching after completing an online HRA increased patient activation and increased enrollment in structured prevention programs to improve health behaviors.
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T hree modifiable risk factors, tobacco use, overweight/ obesity, and physical inactivity, are linked to over half of all deaths and many illnesses. 1, 2 The US population has a high prevalence of these risk factors and has the greatest number of preventable deaths among industrialized nations. 3 Addressing these modifiable risk factors is particularly important for veterans, more than 70% of whom are overweight (body mass index [BMI] ≥ 25 kg/m 2 ), 40% of whom are obese (BMI ≥ 30 kg/m 2 ), and 30% of whom smoke. 4 Even worse, younger veterans are at particularly high risk for developing chronic illnesses, because they are more likely to be overweight/obese and smoke more heavily compared to nonveterans the same age. [5] [6] [7] A health risk assessment (HRA) is a comprehensive tool to elicit patient-reported behaviors and combine them with clinical values in a statistical model that presents to patients their risk for adverse outcomes, and the degree to which these outcomes can be modified by changing their behaviors. Comprehensive HRAs have been in use for over 30 years and are widely available online; however, HRA use alone is not effective in changing behaviors. [8] [9] [10] Health policy experts have recommended HRAs for national programs like Medicare, and in 2014, the Veteran's Health Administration (VA) launched an online HRA. Yet little is known about how to effectively integrate HRAs into clinical practice to optimize patient engagement in recommended lifestyle changes like smoking cessation and weight management. One potential approach is to pair HRAs with health coaching. Health coaching is a collaborative model that integrates theories of human development and adult learning, in which a health coach works with patients to jointly set goals and action plans to maximize health and wellbeing. 11 There is growing evidence that health coaching can improve health outcomes. 12, 13 Coupling an HRA with supportive health coaching may improve patient activation to engage in prevention programs as a strategy to reduce modifiable risk of cardiovascular disease. To this end, the purpose of this study was to assess the effectiveness of an HRA coupled with a brief health coaching intervention to activate veterans to enroll and participate in prevention programs chosen based on their needs and preferences.
METHODS
In brief, our primary objective was to assess effectiveness of an HRA linked with brief telephone-delivered health coaching compared to HRA alone in a pragmatic effectivenessimplementation Hybrid Type 1 randomized trial.
14 The secondary objective was to provide information about processes necessary to implement such a program within a healthcare system. The protocol was approved by the VA's Central IRB. All eligible patients provided written informed consent prior to enrollment. Further study details can be found elsewhere. 15 
Setting
This study was conducted in three VHA primary care clinics in Ann Arbor, Michigan, Durham, North Carolina, and Greenville, North Carolina. Both Ann Arbor and Durham VA Medical Centers are large, academically affiliated medical centers, and the Greenville site is an affiliate of the Durham VA. The primary care population served by these facilities is approximately 19,000 for Ann Arbor, 22,000 for Durham, and 13,000 for Greenville.
Participants
Potentially eligible patients were identified through electronic medical records with eligibility criteria verified by telephone screening and baseline interviews. To be included in the study, patients had to be enrolled in VA primary care at that site and have one or more of the following risk factors: BMI ≥ 30, current smoker, and/or < 150 min of moderate/vigorous physical activity per week. Based on electronic medical records, telephone screenings, or baseline interviews, patients were excluded from participation for the following reasons: dementia or other memory loss condition, active diagnosis of psychosis, serious personality disorder, current uncontrolled substance abuse disorder, severely impaired hearing or speech, unable to speak English, serious/terminal illness as indicated by referral to hospice or palliative care, no access to a telephone, nursing home resident, or participating in a prevention program or another VA study within the last 6 months.
Randomization and Allocation Concealment
Following completion of baseline visit (including completion of informed consent and all baseline measures), patients were randomized in a 1:1 ratio to either the HRA + coaching intervention or HRA only. The randomization scheme was created by a statistician prior to study start and included a block size of four and was stratified by region (Michigan and North Carolina). Research assistants were blinded to block size and did not have access to the group assignment until after participants completed their baseline survey and outcome assessments. For outcome assessment, 1 month calls were conducted by research assistants from alternate sites (e.g., Durham's research assistant called Ann Arbor participants). Six-month outcome assessments were conducted on-site, because repeat lab studies were needed. In general, these were conducted by the same research assistant who enrolled the patient meaning that it was possible that they remembered participants' group assignment from 6 months ago.
Health Risk Assessment
All participants completed the VA's online HRA. The HRA was developed by the VA National Center for Health Promotion and Disease Prevention and launched nationally through the patient web-portal, MyHealtheVet, in September 2014. This output included a calculation of Bhealth age,^which was based on risk modeling. The HRA user's health age could show a value higher or lower than their chronological age based on lifestyle choices, family risk, and biological values. Participants also had access to detailed information for each health topic. The HRA is publicly available and can be accessed online after free registration (www.myhealth.va.gov/mhv-portal-web/web/myhealthevet/ healtheliving-assessment (Accessed Feb 6, 2018)).
Intervention
As with many published effective health coaching interventions, coaching within this trial utilized motivational interviewing techniques. 16 Coaches worked with participants to co-develop a goal to reduce their modifiable CVD risk by choosing a prevention program to enroll in that was aligned with the participant's own values and preferences and that addressed their chosen risk factor (e.g., smoking) from their personalized list, displayed within their HRA report. Coaches used HRA-generated health summary outputs to facilitate patients' understanding of their current risks and how much that risk could be reduced by improved diet, increased physical activity, losing weight, and/or quitting tobacco use. Program choices included both VA and community-based structured prevention programs.
Patients were randomly assigned to one of two health coaches. There were two planned coaching telephone calls: the first occurred within 1 week of baseline surveys and the second 1 month later. Patients had the same health coach for both calls. The first call followed a semi-scripted approach that included the following steps: (1) review of HRA results focusing on the difference between modifiable and nonmodifiable risk; (2) assessment of patient preferences and values related to modifiable risk factors; (3) prioritization of approaches to impact modifiable risks; (4) helping patients choose a prevention program that would best meet their needs and preferences; (5) collaboratively developing a SMART (small, measureable, attainable, relevant, and timely) goal aimed at enrolling in the chosen prevention program to address modifiable risk factor; and (6) assessing readiness and confidence to take the final steps needed to enroll and participate in that program. The patient's prevention goal was documented in a BPrevention Action Plan^that was mailed to the participant and included as a note in the electronic medical record.
One month after the initial coaching call, each patient received a follow-up coaching call from their health coach. The purpose of this call was to review progress toward completing their goal to engage in a structured prevention program. If the participant enrolled in their chosen prevention program, the coach congratulated them and encouraged their continued participation. If the participant had not yet enrolled, or was encountering challenges, the coach problem-solved with the patient to help overcome those challenges and set a new SMART goal, which may have included a different program.
Training and Supervision of Health Coaches
Health coach training included didactic components, hands-on practice, and role play. We used three strategies to ensure high fidelity to coaching delivery as designed: (1) coaches used computer-assisted semi-structured scripts to guide each coach call; (2) all telephone coaching sessions were audio-recorded, and a sample of recordings were scored and used to augment feedback to coaches throughout the study; and (3) supervision sessions were conducted weekly for the first 6 months, then every 2 weeks, in which coaches presented challenging calls and skills were practiced. The study co-leaders (EO and LD) independently reviewed approximately 10% of coaching calls using a checklist of elements deemed essential to the call. Those findings were discussed with the coaches' during regular supervision sessions led by a study co-investigator (JMG).
Usual Care
Usual care patients received a printed copy of their HRA output and were encouraged to discuss any questions they had with their primary care team. The primary care team was also alerted to their patients' participation in the study via a standard note in the electronic medical record.
Outcomes
The primary outcome was enrollment in a structured prevention program by 6 months. Participants were considered enrolled if they answered affirmatively to enrolling in a program and if they provided the name of the program at one or both of the 1-or 6-month assessments. Secondary outcomes included participation in a prevention program, change in scores on the Patient Activation Measure (PAM), and the Framingham Risk Score (FRS). Participants were considered to have participated in a prevention program if they were enrolled in that program and reported attending at least one session. The PAM is a 13-item measure that assesses activation in terms of an individuals' knowledge, skills, beliefs, and confidence for managing their health. 17 PAM scores show high construct validity in that they are highly correlated with patients' engagement in prevention services such as weight loss, smoking cessation, and willingness to exercise. 18 Patients with higher PAM scores are also less likely to smoke, be overweight, and less likely to be hospitalized or visit the ED, and they correlate with physiologic parameters such as blood pressure and lipid levels. 19, 20 The FRS is a validated assessment of cardiovascular risk that has been used widely in research and clinical practice. 21 In clinical trials of behavior interventions, the FRS has been shown to be responsive to change, including coaching interventions. 12 Blood pressure and lipid measurements from blood tests were used to calculate the FRS at the baseline and 6-month visits. Prevention program enrollment, program participation, and PAM were assessed at baseline, 1, and 6 months. The FRS was assessed at baseline and 6 months only to allow sufficient time for potential positive health changes to impact FRS components (e.g., blood pressure, lipids).
Sample Size
Sample size estimates were based on the primary hypothesis that a greater proportion of patients randomized to the health coaching intervention arm would enroll in prevention programs as compared to HRA only usual care patients. We anticipated approximately 5% of usual care patients would enroll in a prevention program by 6 months. To detect a minimum of 8% difference in enrollment rates with 80% power and Type I error of 5%, we needed to randomize 200 patients per arm.
Statistical Analysis
The primary outcome, cumulative enrollment in prevention programs by 6-month assessment, was evaluated via selfreport at months one and six. As defined by the eligibility criteria, all patients had a value of 0 at baseline. Logistic regression, with an indicator variable for the intervention arm effect and adjusted for region, was used to test the primary hypothesis of a higher enrollment rate attributed to the coaching intervention.
For the secondary outcomes of PAM and FRS, we used a general linear model with unstructured covariance (PROC MIXED in SAS, Cary, NC). In the PAM model, parameters included a common intercept, indicator variables for 1 and 6 months, indicator variables for intervention arm interacted with time of assessment, and region. The FRS model only included the 6-month indicator variables. Contrast statements were used to estimate the difference between groups in mean PAM and FRS change from baseline and each follow-up. Finally, a logistic regression model similar to that for the primary outcome was used to estimate group differences in the secondary outcome of participation in a prevention program over the 6 months of follow-up.
All available data, including information from participants who subsequently discontinued the study, were used for analyses. The PAM and FRS secondary outcome analyses were conducted with full likelihood methods, which are valid under a missing data framework in which the missing values may depend on intervention group, region, and any observed outcome values. 22 For the primary outcome of enrollment and secondary outcome of participation, we also conducted sensitivity analyses where missing 6-month outcomes were imputed with both possible outcomes (i.e., all missing enrolled or all missing not enrolled) to examine the range of possible effects under varying missing data assumptions.
RESULTS

Study Participants
Recruitment started in November 2014 and ended in May 2016. Of 7961 veterans who met initial electronic medical record eligibility criteria, 38% (n = 3007) were sent a recruiting letter; 18% of those individuals were screened as eligible (n = 555). Of the 3007 who were identified by medical records, 1216 (46%) were not contacted either, because recruitment ended or patients could not be reached by phone. Of patients who screened eligible by phone, 79% consented (n = 436) of whom 96% (n = 417) were randomly assigned to one of the two arms (Fig. 1) . Table 1 shows baseline demographic and clinical characteristics for study participants. On average, participants were 56 years old (SD = 12.2). A large percentage of participants were African American (40%), most were male (85%), and over 25% of our participants reported inadequate income to cover bills at the end of the month reflecting a high proportion of financial vulnerability. In terms of health status, 69% of patients reported their general health as excellent, very good, or good.
Eighty percent of participants met enrollment criteria because of weight (BMI ≥ 30), 50% for being moderately/ vigorously active for less than 150 min/week, and 39% were active smokers. Approximately half of the participants had more than one eligible risk factor. The mean HRA-generated health age was 60 years, while the participants' average chronological age was 56 primarily reflecting their excess cardiovascular risk (Table 1) .
Adherence to the intervention
Of the 208 participants randomized to the intervention, 194 participants (93%) completed the first coaching call, and 182 participants (88%) completed the second; 14 participants (7%) of intervention participants did not complete either call. The mean duration of the first coaching call was 34 min (SD 14 min), and the mean duration of the second coaching call was 12 min (SD 10 min).
Outcomes
At 6 months, intervention participants reported higher enrollment in a prevention program, 51 vs 29% (OR = 2.5; 95% CI: 1.7, 3.9, p < 0.0001) and higher participation in a prevention program, 40 vs. 23% (OR = 2.3; 95% CI: 1.5, 3.6; p < .001) compared to HRA only usual care participants (Table 2) . There was no difference in PAM scores between groups at the 1-month assessment. However, at 6 months after baseline, intervention participants showed greater improvement in PAM scores than usual care participants (mean difference = 2.5; 95% CI: 0.2, 4.7; p = 0.03).
The FRS showed almost no change over time from baseline to 6 months for both groups (mean difference = 0.7; 95% CI: − 0.7, 2.2; p = 0.33).
Results were robust to missing data assumptions; in our sensitivity analyses for the primary outcome of enrollment, the OR with 95% CI ranged from 2.1 (1.4, 3.2) with all missing assumed to be not enrolled to 2.7 (1.8, 3.9) for all missing assumed to be enrolled.
Prevention Programs Chosen by Intervention Participants
We categorized prevention programs chosen by participants by type (diet/weight loss, exercise, or smoking cessation), and as VA-sponsored, or community-based. Among the 51% (n = 91 of 177) of intervention patients who endorsed enrolling in a prevention program by 6 months, 52% selected diet or weight loss programs, 26% selected exercise programs, and 19% selected smoking cessation (3% remained uncharacterized). Overall, 55% of these participants selected VA programs and 45% selected non-VA programs (Table 3) .
DISCUSSION
To our knowledge, this is the first trial to test an intervention that coupled HRA with a telephone-delivered health coaching intervention designed to help participants enroll in a structured prevention program. Health coaches were successful in engaging participants in a discussion about prevention, guiding them to a program that matched their goals, which resulted in intervention participants enrolling and participating in programs to a significantly greater degree than participants not receiving coaching. Intervention participants also showed significant improvement in PAM scores, a measure that captures patients' knowledge, skills, and confidence in management of their health. In other studies, higher PAM scores correlate with patients who are more engaged in prevention and more likely to exercise. 23 The 2.5 point change in PAM scores at 6 months translates into an effect size (Cohen's D) of 0.19 which is small and may not be clinically meaningful. In this short duration study, the intervention did not, however, improve overall cardiovascular risk as measured by the FRS.
The degree of prevention program enrollment observed in this study (over half enrolled, and 40% participating by 6 months) is much higher than reported in other studies that seek to engage primary care patients in prevention programs.
For example, only 10% of veterans eligible for the VA's national weight management program ever enroll. 24 In part, this may be explained by integrating results from an HRA with health coaching. The health coaches guided patients to first understand their risk, the portion of it that was modifiable, and what they could do to improve their risk. They emphasized the difference between their current health state and their ideal health state, and linked that concept to participants' values and hopes for the future. Rather than coaching to change a specific health behavior selected by the participant, coaches helped participants set a specific goal to enroll in a structured program that best matched their circumstances and preferences. In this way, the intervention was able to address an array of risky behaviors (e.g., weight, tobacco use) with a focus on helping to motivate patients to engage in effective, structured prevention programs. This approach leverages alreadyavailable prevention programs and requires less time than would be necessary to address changing the behavior itself. By focusing on three highly prevalent risk factors (obesity, physical inactivity, and smoking), the intervention was able to cover a broad range of high-risk patients. Additionally, the intervention has great potential for adoption within clinical settings, because it is a relatively low-resource approach. Furthermore, this approach may increase reach, because many patients prefer telephone coaching for its convenience and personal approach. 25, 26 A strength of our study is that we designed and conducted the intervention using elements that are widely available in VA and other large healthcare systems (e.g., online HRA, telehealth coaches). VA and other health systems are working to understand how to best incorporate health risk assessment into routine primary care as well as encouraging effective prevention programs for their patients. A recent trial of an HRA, conducted in 18 primary care practices showed that patients who used a comprehensive HRA, had higher screening rates for health behaviors and mental health risks, and were more likely to set specific health care goals (e.g., lose weight) compared to controls. 27 Patients who received the HRA in that study also reported feeling their clinicians cared more and showed more concern for their issues. Our current study extends these findings to show that when coupled with brief health coaching, patients are more likely to enroll and participate in prevention programs compared to using an HRA alone, thereby taking patients beyond goal setting to action.
Limitations
This study has several limitations. First, it was conducted in three VA facilities. Resources, primary care practices, and patient populations in the VA are different from non-VA settings. For example, our study participants were mostly men with a higher proportion of financial instability and a higher percentage of African Americans than most non-VA settings. Second, our primary outcome, enrollment in a prevention program, was determined by patient self-report. We chose this method, because we knew that some patients would prefer to join non-VA prevention programs, and in fact, 45% of participants chose community-based prevention programs which do not typically have mechanisms to share enrollment and participation rates. We did, however, conduct a VA medical record review to determine if patients who reported selecting a VA weight management program showed evidence of attending. We found medical record evidence of enrollment (at least one visit) for 34 of the 38 patients who endorsed enrolling in a VA weight management program (89%); only 13 of 331 patients who did not endorse enrollment showed evidence of a visit (4%), (kappa = 0.77) which is a high level of agreement. A third limitation is that research assistants may not have been blinded at the 6-month outcome assessments. Lastly, while the intervention did improve enrollment in prevention programs, there was no improvement in cardiovascular risk as measured by the FRS. One explanation for this is that the short duration of this study (6 months) was not long enough for patients to complete their chosen program, sustain their behavior changes, and experience the longer-term benefits in improved CVD risk as computed using the FRS. Because the intervention was designed to improve prevention program enrollment and not the specific behavior itself (e.g., smoking cessation), we did not track specific risk factor behavior change.
CONCLUSION
Among veterans enrolled in primary care, completing a comprehensive HRA coupled with brief telephone health coaching increases patient activation and subsequent enrollment and participation in structured prevention programs. Next steps should concentrate on how best to incorporate this relatively low-resource intensive intervention into routine primary care practice.
